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down within the cylinder, and this up and down movement was
well suited for the work of pumping. Nearly all the early
engines were used for this purpose, especially for pumping
water out of mines. One type, invented by Newcomen in 1712,
was extensively used in England until a very late date.1 New-
comen's engine had two important defects: (a) it was not
adapted to rotary motion and therefore could not turn a wheel
and drive machinery; (b) it consumed an enormous amount of
coal. The waste of fuel was mainly due to the practice of alter-
nately heating and cooling the cylinder. When an inrush of steam
had forced the piston up, a jet of cold water was squirted into
the cylinder. The steam condensed, a vacuum was formed, and
the pressure of the outer air on the piston-head forced it down
again. These defects were removed by James Watt (1736-1819).
He got rid of the waste of fuel by his device of a separate
condenser. A chamber was attached to the cylinder into which
the steam was admitted by valves, after the piston had made its
upward stroke. Here it was cooled and condensed, the cylinder
continually remaining at the same heat. This was in 1769.
Watt's next important improvement was in 1782. He invented
the double-acting engine, in which the force of steam was
applied alternately to each side of the piston-head, so that the
action of the outer air could be dispensed with. Lastly, by a
complicated arrangement of cog-wheels and swivels, called the
*sun and planet motion', he adapted the piston to rotary motion.
Here he had been anticipated by another inventor, Pickard,
who in 1781 achieved the same result by the simpler and more
direct method of the crank. Watt's cumbrous arrangement had
no superiority over Pickard's. It was adopted merely to avoid
infringing Pickard's patent, and has now gone completely out
of use.

The inventors had done their work, but much remained to
be accomplished before steam-driven machinery could come
into general use. A skilled craft of machine-makers or engineers
had to be created. The earliest machines were made by fimill-

A Newcomen engine was used till a few years before the War in a colliery near
Glasgow.